Non-controlled studies performed in New Zealand and the UK reported a high incidence of a large number of symptoms within radiographers. The authors of these investigations proposed that these symptoms resulted from exposure to X-ray processing chemicals and the associated fumes, and collectively labelled the condition 'darkroom disease'. The absence of control groups in these investigations weakens the 'darkroom disease' hypothesis. The current work set out to address this deficiency. Forty percent of radiographers (n=295) and 40% of physiotherapists (n=250) working in 34% of Irish hospitals (n=31) were asked if they experienced any of the 15 symptoms described in 'darkroom disease'. The results demonstrated that radiographers had a significantly higher incidence than physiotherapists for only two of the symptoms-bad taste (P<0.0001) and sore eyes (P<0.001). These higher incidences were confined to three of the 31 hospitals surveyed. Physiotherapists expressed a higher incidence for sore throats (i D <0.01) and nasal discharge (P<0.01). These results clearly demonstrate that radiographers are no more symptomatic than a group of hospital staff not exposed to processing chemicals. The current findings offer no support for the 'darkroom disease' hypothesis.
INTRODUCTION
A number of hazardous agents exist within the developing and fixing solutions of modern-day X-ray film processors, most notably glutaraldehyde, diethylene glycol and sulphur dioxide. If handled in an inappropriate or careless manner these have the potential for producing a range of severe effects in exposed personnel. Much emphasis therefore has been placed on minimizing any hazards by using processors with safer designs and local exhaust ventilation systems, ' educating staff in the safer use of such chemicals, and incorporating legislative directives into working practices. ' Even with the introduction of these safety measures 'darkroom disease' is a well recognized term amongst X-ray department personnel. It describes a plethora of The advent of high temperature, automatic film processing coincided with increased reports of these symptoms and this has led to speculation that the chemicals used for processing, and their associated fumes, are the causal agents. Two independent studies investigated the prevalence of 'darkroom disease' amongst radiography staff. ' In each of these investigations a large sample of radiographers was asked if they experienced any of a large number of symptoms. The investigations were carried out independently, in geographically distinct regions (New Zealand and UK), but the results from the two studies were very similar (Table 1) with substantial numbers of radiographers suffering from a variety of symptoms. The reasonably close correlation between the studies provided further support that an occupationally induced syndrome existed within X-ray departments, and the authors proposed that X-ray processing chemicals were responsible. It has to be acknowledged, however, that neither of the studies involved a control group and therefore the conclusions must be treated with caution. Without examining the health status of a control population, the possibility remains that X-ray staff are no more symptomatic than personnel who work elsewhere.
In the absence of a controlled investigation, and with the current level of concern amongst radiographers, it is necessary to establish if the environment of film processing contributes to 'darkroom disease' symptoms. The current work aimed to examine this by determining if staff exposed to X-ray processing chemicals (radiographers) were more symptomatic than a non-exposed group of people (physiotherapists) who also worked in a hospital environment.
METHODS
A case-control study was undertaken. Cases consisted of 295 radiographers employed in 31 hospitals in the Republic of Ireland. The hospitals were randomly selected from a total of 90 possible institutions and were representative of small, medium and large hospitals. All the eight health board areas were represented in the survey. The controls were 250 physiotherapists employed in the same hospitals. Physiotherapists were chosen as controls because they are very similar to radiographers in gender, age-group, educational status and working practices, but are not exposed to chemicals used for processing X-ray films.
An interview style format was used in the study, with each participant interviewed individually. Following a full explanation, the interviewee completed the questionnaire, usually over a period of 10 min. If any further clarification was necessary this was provided during this time. Confidentiality was assured. Before the main study commenced, a pilot study was performed on radiographers and physiotherapists from a hospital not involved in the main study. No difficulties were encountered in the pilot investigation and the questionnaire was not adjusted.
The questionnaire consisted of open and closed questions. Answers to the closed questions were either of the yes/no variety, or a range of answers was provided which allowed for coding of responses during analysis. The questionnaire was in three parts. The first section included questions on age, length qualified and type of employment. This section also ensured that each physiotherapist included in the study had no previous contact with chemicals used in processing. The second part dealt with the symptoms associated with 'darkroom disease' reported in previous studies. Each respondent was asked to read a list of symptoms and identify which, if any, he/she had experienced during the previous 8 weeks. When radiographers, compared with physiotherapists, were shown to have a higher incidence of a particular symptom, that symptom was then analysed on a department by department basis. This established whether or not an increased incidence of a particular symptom amongst radiographers was a universal problem or was confined to a smaller group of hospitals. The final part of the questionnaire focussed on previous medical history. In particular, participants were questioned on any previous history of hay fever or respiratory or skin related problems.
The EPI info5 epidemiological and statistical computer package was used to analyse results. Statistical analysis was performed using Chi-squared tests, Fisher's Exact tests and odds ratios. A P value of <0.05 was used to determine statistically significant results.
RESULTS
The mean age for both groups involved in the study was 31 years. The mean length of time since qualification was 11 and 14 years for physiotherapists and radiographers, respectively. No significant difference was noted for these parameters between groups. The distributions are shown in Table 2 .
Physiotherapists and radiographers suffered from a number of symptoms (Table 3) . Statistical analysis of the data showed that physiotherapists were more likely to experience nasal discharge (P<0.01) and sore throats (P<0.01) when compared with radiographers, while the latter had a higher incidence of bad taste (P< 0.0001) and sore eyes (P<0.001).
Further analysis established that, for radiographers, the increased incidence of a bad taste was confined to two large hospitals, while that of sore eyes was confined to one medium sized hospital.
No correlation was demonstrated between previous medical history and symptom expression, and no difference in symptom incidence between age groups within each cohort was noted.
DISCUSSION
A variety of symptoms has been described in two independent studies by radiographers working in contact with X-ray processing chemicals. ' The aim of this A.M. Nallon et a/.: Radiographers and 'darkroom disease' 41 study was to establish whether radiographers were more at risk of developing the reported symptoms when compared with another group of hospital personnel. If the processing chemicals are the causal agent then radiographers should exhibit a higher incidence of symptoms when compared with a non-exposed cohort.
Physiotherapists were chosen as the non-exposed cohort. This group served as effective controls since, with the exception of contact with film processing, they are similar to radiographers in that both professions are made up of a predominately female population and are of a similar age, in fact the respondents in the current study had the same mean age. In addition, physiotherapists and radiographers have similar academic qualifications, with university entrance requirements being of a very similar level both in Ireland and the UK. The numbers of participants in each of the two groups represented over 40% of the total population with the interview style format ensuring a 100% response rate. No significant differences in age and length of time qualified was noted between the two groups.
The reported incidence of the symptom bad taste amongst radiographers was almost four times that in physiotherapists. Sulphur dioxide (SO 2 ), a by-product of the fixation process, is known to be responsible for an unpleasant metallic taste and a bad odour within X-ray departments. It has also been established that the threshold values for the effects of SO 2 are below the level of the UK occupational exposure limit of 2 parts per million (time weighted average). This means that, although departments may be working within strict exposure guidelines, symptoms such as a bad taste are not automatically eliminated. Further to this, recent work in a large Dublin hospital demonstrated that SO 2 levels within an X-ray department exceeded guidelines in a number of sites. The obvious differences between the two professions regarding the incidence of bad taste should encourage active SO 2 monitoring within X-ray departments and a reconsideration of exposure limits set by the UK Health & Safety Executive.
A less impressive, but nevertheless significant, increased incidence (68%) of sore eyes was reported by radiographers compared with the control group. A range of chemicals within X-ray film processors are known to 7 19 irritate the eyes on contact, including SO 2 , acetic acid, hydrogen sulphide, aluminium chloride and glutaraldehyde. Traditionally, the exposure to these chemicals has been monitored by examining levels of fumes, but it has recently been shown that certain agents, such as glutaraldehyde, may present as an aerosol that is not detected by instruments used for fume monitoring. It is therefore advisable that air samples taken from X-ray departments be analysed for all chemicals (as well as their possible by-products) used in the processing of Xray film.
The symptoms referred to this study's questionnaire were the same as those in the New Zealand and UK investigations. ' The results in the current study demonstrate that 13 of the 15 symptoms described by radiographers in the previous investigations do not have a higher incidence amongst radiographers when compared with physiotherapists. In fact two of the symptoms, nasal discharge and sore throat, were experienced more by physiotherapists. It may be argued that this situation is unique to Ireland and that radiographers elsewhere experience the symptoms to a greater extent, but on comparing the results in Tables 1 and 3 , the percentage of radiographers in Ireland suffering from specific symptoms is similar to those in New Zealand and the UK. ' This indicates that the results in this study are relevant and applicable to other countries and therefore the symptoms described by previous workers, and thus 'darkroom disease', is not exclusive to radiographers.
Furthermore it became apparent following the intradepartment analysis that the higher incidence of bad taste and sore eyes amongst radiographers was only evident in a limited number of the 31 hospitals investigated-bad taste in two large departments, sore eyes in a medium sized one. It must therefore be acknowledged, whilst not reducing the importance of the findings for the three hospitals involved, that there was no increased incidence amongst radiographers for any of the symptoms in over 90% of the hospitals investigated. It is interesting that the increased incidence in bad taste was in two of the large hospitals, where it is often assumed that, with modern equipment and more rigorous quality assurance programmes, a safer working environment is provided.
In conclusion this study provides no evidence for 'darkroom disease'. Although radiographers had a higher incidence of bad taste and sore eyes, this was limited to a minority of hospitals which should undergo comprehensive assessments. Further work should now focus on whether the incidence of symptoms experienced by radiographers and physiotherapists is higher than nonhospital workers and if so a causal agent other than X-ray processing chemicals must be sought.
